Objective To investigate the association between use of bisphosphonates estimated from prescription information and risk of gastrointestinal cancers.
Introduction
As an established drug for the treatment and prevention of osteoporosis, 1 2 bisphosphonates have been widely prescribed 3 and have a long term effect. 4 Although preclinical studies have shown that bisphosphonates have anti-tumour properties, 5 6 there is still a possibility that their adverse effects on the gastrointestinal tract, such as mucosal irritation, might cause ulceration 7 and could be linked to an increased risk of cancer.
The first publication on the possible association was from the US Food and Drug Administration (FDA) Adverse Event Reporting System, which listed 23 cases of oesophageal cancer in users of oral alendronate between 1995 and 2008. 8 An observational study, however, showed a reduced risk for oesophageal cancer but not gastric cancer. 9 A nested case-control study, based on the General Practice Research Database (GPRD), showed a 30% increased risk of oesophageal cancer in bisphosphonate users, 10 rising to more than a twofold increase in risk for more than three years' use, but it did not find a significant association with risk of gastric or colorectal cancers. A cohort study based on the GPRD, however, did not find any significant association between bisphosphonate use and risk of gastric or oesophageal cancers. 11 12 One Danish cohort study looked at gastrointestinal cancers and reported an increased risk of oesophageal cancer associated with use of alendronate and a possible protective effect of higher doses for colorectal cancer. 13 Finally, another Danish cohort study showed a reduced risk of gastric cancer and no excess risk in oesophageal cancer 14 in alendronate users. As for colorectal cancer, another cohort analysis that used the GPRD found a reduced risk associated with bisphosphonate use, 11 and an Israeli study also showed a significantly decreased risk in patients taking bisphosphonates for more an year. 15 Although a Danish study on postmenopausal women showed a reduced risk of colorectal cancer with oral bisphosphonates, the association was not time or dose dependent.
In summary, studies to date have reported conflicting findings, were based on data collected only up to 2008, and were limited by statistical power. We therefore investigated the association between bisphosphonates used for the prevention or treatment of osteoporosis and the risk of gastrointestinal cancers in the general population with a nested case-control design and including the most recent data from the QResearch database in the United Kingdom. We also replicated the analyses using the Clinical Practice Research Datalink (CPRD, previously known as General Practice Research Database (GPRD)).
Methods

Study design
The protocol for this study was published in 2012 17 and identified the QResearch UK primary care database as a source of data. Simultaneously, with the same protocol, a replicate study was conducted with CPRD. These databases are the largest primary care datasets in the UK and contain electronic records from 660 (QResearch) and 643 (CPRD) general practices, which include patients' demographics, referrals, tests, and prescriptions. Both have been successfully validated with other sources of information 18 19 and have been used for a range of safety studies involving commonly prescribed drugs. 10 20 21 22 We identified open cohorts of patients aged ≥50 and registered with the practice at some time during the study period (January 1997 to July 2011). For this paper we selected gastrointestinal cancers (oesophageal, gastric, and colorectal) as the outcome and identified incident cases from the cohorts. The design of the study was a nested case-control study. We excluded patients aged <50 because the risk of the cancers of interest is low in this group and because bisphosphonates are rarely prescribed in younger people. We matched each case with up to five controls by age, sex, practice, and calendar year. All controls were alive and registered with the practice at the date of the first recorded diagnosis of cancer in their matched case, which we defined as the index date for each case and their matched controls. We excluded cases and controls with prescriptions for bisphosphonates licensed for any malignancies before the index date. Patients with Paget's disease were also excluded as their treatment requires higher doses of bisphosphonates and for much longer periods. Patients were included only if they had at least two years of data before their index date to ensure the completeness of records.
Exposure to bisphosphonates
The primary measure of exposure to bisphosphonates was assessed from prescription information within the observation period from the date of patient's registration with the practice to six months before the index date. Prescriptions in the last six months were ignored to reduce protopathic bias-early symptoms of cancer might include weight loss and low bone mineral density and be mistaken for symptoms of osteoporosis. A patient was considered to be a bisphosphonate user if they had at least one prescription in the observation period. The bisphosphonates to be included were identified in the British National Formulary section 6.6.2 as treatment for osteoporosis: alendronate, etidronate, ibandronate, and risedronate. We considered type of regimen for bisphosphonate use-daily or weekly/monthly-because daily use has been shown to have lower adherence than weekly use, with one of the possible reasons being inconvenience, 23 and we investigated possible differences between the effects of daily and other exposures to bisphosphonates on risk of gastrointestinal cancers. Cumulative exposure was estimated by summing the prescribed durations of prescription for each patient, considering gaps of fewer than 60 days between proximate prescriptions as continuous treatment. For drugs prescribed in cycles, the cycle length was taken to be the duration of prescription. Duration of use of bisphosphonates in the observation period (excluding the six months before the index date) was analysed with the following categorisations: no use; <6 months; 7-36 months; 37-72 months; ≥73 months. A test for trend was performed with the actual number of months.
Confounding variables
All the analyses included potential confounders established as risk factors for cancer. Body mass index (BMI) 24 as a continuous variable was measured at the date closest to one year before the index date. Smoking status 25 (current smoker: light (1-9 cigarettes/day), medium (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) , heavy (≥20), ex-smoker, non-smoker); alcohol consumption 26 using Read codes for alcohol status; and ethnicity 27 (white or not recorded, black, Asian, other) were based on the latest values recorded before the index date. The analysis also adjusted for history of osteoporosis, 28 including a diagnosis of osteoporosis or osteopenia or previous fractures recorded before the index date; use of drugs that impair calcium absorption and reduce bone density or that affect risks of cancer such as systemic corticosteroids and acid suppressive drugs (including H 2 antagonists (BNF 1.3.1), proton pump inhibitors (BNF 1.3.5), and antacids (BNF 1.1.1)) 29 30 ; use of anti-inflammatory drugs 31 (traditional non-steroidal (NSAIDs), cyclo-oxygenase-2 inhibitors and aspirin) 32 ; and use of vitamin D 33 if they were prescribed at least one year before the index date. Use of acid suppression drugs was categorised by the number of prescriptions within the observation period: none; <12 prescriptions; 12-24 prescriptions; 25-48 prescriptions; and ≥49 prescriptions to distinguish between occasional and more regular use.
We also included comorbidities that affect the risks of cancer (such as rheumatoid arthritis 34 for any cancer and diabetes for colorectal cancer 35 ) if they were diagnosed at least a year before the index date. Analyses were adjusted for gastrointestinal disorders 36 if they were diagnosed before the first use of bisphosphonates or 12 months before the index date, whichever was earlier; diseases included upper gastrointestinal disease (dysphagia, oesophagitis, gastro-oesophageal reflux disease, hiatus hernia, oesophageal ulcers, Barrett's oesophagus, gastritis, duodenitis, peptic ulcers, dyspepsia), Crohn's disease, and ulcerative colitis. The results were also adjusted for family history of cancer 37 (this varied according to the cancer under consideration) if it was recorded at least six months before the index date. This is to reduce recall bias as patients are more likely to report a family history of cancer around the time of diagnosis.
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Statistical analysis
Analyses for these two studies were carried out separately in the two databases. We used conditional logistic regression to estimate odds ratios with 95% confidence intervals for cancer for each selected site and Wald test to examine the effects of duration and the differences in these between types of bisphosphonates. Missing values for the confounding factors (BMI, smoking status, and alcohol intake) were imputed with multiple imputation with the ICE programs in Stata. 39 40 We created 10 imputed datasets including all potential confounders and bisphosphonate exposure in the models and combined the results using Rubin's rules. 39 Results from both analyses were pooled with the Mantel-Haenszel method for fixed effect models.
The primary analyses were based on exposure to bisphosphonates excluding prescriptions in the six months before the index date. We were carried out five sensitivity analyses. Firstly, having only one prescription in their records might mean that a patient never started bisphosphonate treatment or stopped it early because of adverse side effects, so we ran an analysis defining use of bisphosphonates as at least two prescriptions, but still excluding any in the last six months before the index date. In the second sensitivity analysis we included prescriptions in the last six months and considered a patient to be a user if they had at least one prescription in their records at any time before the index date.
Another possible bias in the main analysis might arise from the different observation times for patients so we undertook a third sensitivity analysis selecting patients only if they had at least six years of records and including prescriptions only between 6 and 72 months before the index date. Because Townsend score as a measure of deprivation was available for only 49% of CPRD practices we did not include it as a confounding variable in the main analyses in either database, so a fourth sensitivity analysis, restricted to patients with a valid Townsend score and adjusting for this, was run in both databases. A fifth sensitivity analysis was run with data only for patients with complete records for BMI, smoking, and alcohol intake. For the fourth and fifth sensitivity analyses, the definitions for use of bisphosphonates and years of medical records were identical to those in the main analysis.
All available data were used in the analyses and to allow for multiple comparisons we considered P<0.01 as significant, but to create a parity of presentation with other studies we have quoted a 95% confidence interval in our results. Sample size calculations are presented in the protocol. 17 Stata version 12 was used for the analyses.
Results
Study population
Within the study period, in QResearch we identified 20 Most of the comorbidities had similar proportions in cases selected from both databases and their controls (table 3⇓). Upper gastrointestinal morbidities were recorded slightly more often in CPRD (29% in cases and 27% in controls v 22% and 20% in QResearch) with higher proportions for gastro-oesophageal reflux (9% and 8% v 6% and 5%, respectively) and dyspepsia (13% and 12% v 7% and 7%, respectively). Use of common drug treatments was similar in the databases with slightly more frequent prescribing of NSAIDs and less frequent prescribing of corticosteroids in CPRD compared with QResearch. Prescribing of calcium supplements also had different patterns with more patients prescribed calcium in CPRD.
Patterns of bisphosphonate use
In QResearch 4.6% of cases and 4.5% of controls had one or more prescriptions for bisphosphonates, as did 4.8% and 4.6%, respectively, in CPRD. About two thirds of patients with a diagnosis of osteoporosis had been prescribed bisphosphonates (64% of cases and 65% of controls in QResearch and 61% and 60%, respectively, in CPRD) and 2% of cases and controls in both databases had prescriptions for bisphosphonates without records of osteoporosis. Bisphosphonate users were more likely to be women and to have a lower BMI. Upper gastrointestinal problems were slightly more common (QResearch: cases 25% in users v 22% in non-users, controls 25% v 20%; CPRD: cases 35% v 29%, controls 33% v 27%) and use of acid lowering drugs was much more common in bisphosphonate users (QResearch: cases 62% in users v 37% in non-users, controls 61% v 32; CPRD: cases 65% v 39%, controls 63% v35%). Among bisphosphonate users, the proportion of patients with rheumatoid arthritis was more than five times higher than in non-users, and there were similar patterns for use of anti-inflammatory drugs, non-steroidal drugs, and corticosteroids.
More than three quarters of the bisphosphonate users were prescribed only one type of drug (77% in cases and 77% in controls in QResearch and 80% and 79% in CPRD), one fifth had prescriptions for two different types (20% in cases and 20% in controls in QResearch and 17% and 19% in CPRD), and less than 3% (2% in cases and 3% controls in QResearch and 3% and 2% in CPRD) had prescriptions for three different types during the observation period. Alendronate was the most commonly prescribed type (69% in cases and 66% in control users in QResearch and 69% and 69% in CPRD) and mostly prescribed for weekly use (87% in cases, 88% in controls in QResearch and 89% and 88% in CPRD). The second most common type was etidronate (34% in cases and 36% in controls users in QResearch and 30% and 32% in CPRD) with daily use for 14 days in 90 day cycles. The third most common was risedronate (21% in cases and 22% controls users in QResearch and 22% and 21% in CPRD), prescribed mostly for weekly use (76% in cases and 80% in controls users in QResearch and 82% and 81% in CPRD). Ibandronate (2% in cases and in controls users in QResearch and CPRD) was prescribed for monthly use only and no one received it as injections. In only one case (in QResearch) was a patient prescribed zoledronic acid.
In both databases, the minimum duration of bisphosphonate prescription was one week, and over half of bisphosphonate users had prescriptions for at least 20 months (median 20 (interquartile range 7-43) and 21 for cases and controls, respectively, for QResearch; 19 (6-4) and 20 (7-41) for CPRD). Two thirds of bisphosphonate users (64% cases and 65% controls in QResearch, and 63% cases and controls in CPRD) had no gap of longer than 60 days between the first and last prescriptions, with 17% of cases and 18% of controls in QResearch and 19% of cases and 20% of controls in CPRD having only one gap longer than 60 days. Tables 4⇓, 5⇓ , and 6⇓ show the associations between regimen and duration of bisphosphonate prescriptions and different types of the drug and risk for oesophageal, gastric, and colorectal cancer. Table 7⇓ contains the results from the first three sensitivity analyses for short and long term use for the three cancers.
Associations with cancer
Oesophageal cancer
After adjustment for confounders, both studies showed no significant association between overall bisphosphonate use and risk of oesophageal cancer (adjusted odds ratio 0.97, 95% confidence interval 0.79 to 1.18, for QResearch; and 1.18, 0.97 to 1.43, for CPRD). Similarly, there were no differences for frequency of use or duration (P=1.0 for trend) in QResearch. In CPRD, although odds ratios were progressively higher for longer use of bisphosphonates, none of them nor the trend test reached significance (P=0.07 for trend). There were no significant associations for individual types of bisphosphonate. None of the sensitivity analyses showed any significant associations.
Gastric cancer
After adjustment for confounders, both studies showed no significant association between overall bisphosphonate use and risk of gastric cancer (adjusted odds ratio 1.12, 95% confidence interval 0.87 to 1.44, for QResearch, and 0.79, 0.62 to 1.01, for CPRD). Daily use of bisphosphonates was associated with a decreased risk (0.60, 0.41 to 0.87; P=0.008) in CPRD, but this was not confirmed by any of the sensitivity analyses. Of the different bisphosphonates, alendronate use was significantly associated with cancer risk only in QResearch (1.47, 1.11 to 1.95; P=0.008), but a direct test between the different types of bisphosphonates was not significant (P=0.053). Short term use (<1 year) of alendronate was associated with a significantly higher risk of cancer in QResearch (1.91, 1.34 to 2.72; P<0.001), but there was no significant increase for longer term use (1.08, 0.74 to 1.59; P=0.7). These findings were also significant in the first sensitivity analysis, which classified use as two or more prescriptions (2.23, 1.54 to 3.22; P<0.001 for shorter term), but results of the second sensitivity analysis, which classified use as all prescriptions including the last six months, failed to reach significance (1.49, 1.06 to 2.08; P=0.02 for shorter term). In CPRD, the odds ratio for alendronate use (0.93, 0.71 to 1.22) was also higher than for other bisphosphonates, but the difference between drugs was not significant (P=0.2). There were no significant relations with duration for any of the drugs. No other significant associations were observed in the sensitivity analyses.
Colorectal cancer
Use of bisphosphonates was similar in cases of colorectal cancer and their matched controls (4.6% in both), and adjustment for the confounders did not show any association between bisphosphonate use and risk of cancer (adjusted odds ratio 1.03, 95% confidence interval 0.94 to 1.14, for QResearch; and 1.10, 1.00 to 1.22, for CPRD). Daily use had similar effects as weekly or monthly use. In CPRD data, short term use was associated with an increased risk, although this reached significance only for one to six months' use (1.27, 1.09 to 1.48; P=0.002), but this finding was not confirmed by any of the sensitivity analyses. The relation between duration of bisphosphonate use and risk of colorectal cancer was not significant in either database (P=0.3 for trend for QResearch and P=0.5 for CPRD). For QResearch, the adjusted odds ratio for any use of alendronate was higher than for etidronate or risedronate, but it was not significantly increased and the difference between the drugs was not significant (P=0.09). For CPRD, the effect of drugs seemed to be similar (P=0.5). The results from the sensitivity analyses were in line with these.
Results obtained from pooling the results from both databases presented in tables 4, 5, and 6 did not show any significant findings.
Discussion Summary
This series of case-control studies on two large population databases found no overall association between use of bisphosphonates and risk of oesophageal, gastric, or colorectal cancer. There was a small significantly increased risk of gastric cancer associated with use of alendronate in one database, which was restricted to short term alendronate users; the risk was nearly twofold for patients who used alendronate for less than a year. This is unlikely to be a causal relation as there was no association with longer term use. For colorectal and oesophageal cancers, there were no associations that suggested an increased risk of these cancers in people using bisphosphonates.
Strengths and limitations
This was the first drug safety study to be undertaken with both CPRD and QResearch databases with identical definitions for confounders, exposures, and sampling to help ensure comparability. As an observational study based on routinely collected data from two large primary care research databases, it has the strengths and limitations common to such studies. Our study was substantially larger and had much greater statistical power than any previous study. This allowed analyses to be carried out to investigate the effects of duration of treatment on risk of cancer. As the data on prescriptions and potential confounding variables were routinely and prospectively collected and recorded before the index date, the study was free from recall bias. Because all eligible cases and randomly selected controls were included, there was also no selection bias.
The limitations of the study include possible uncertainty in records of diagnosis of cancer. A systematic review based on GPRD validation studies reported that, on average, 95% of diagnoses of cancer recorded on the general practice electronic record were confirmed from other data sources. 41 It has been found, however, that one in five of all primary care patients with cancer were not identified through electronic searches for malignancies in general practice electronic records, although this was based on data from 1990-99. 42 Any such misclassification might result in underestimation of associations with bisphosphonates, shifting odds ratios toward unity. Also, the selection of cases was based on the first record of a cancer while the exact origin site might have been determined only later, and this level of detail was not available across all records. Information about cancer stage or results of histological investigations was also not consistently recorded in general practice, so was not used. Within each site of origin, this creates an inability to distinguish between specific cancers that might have different risk factors.
Another limitation is that there might have been an overestimation of bisphosphonate use. The analyses were based on prescriptions rather than actual use, and no data were available on adherence to treatment. There is, however, no reason for non-adherence to systematically differ between cases and controls.
There could have been some residual confounding as information on some risk factors such as bone mineral density, physical activity, diet, and cancer screening tests (endoscopy 
Bisphosphonate users
Comparisons between bisphosphonate users and non-users reflected the recommendations for targeting groups with osteoporosis, as some characteristics and comorbidities, such as low BMI and rheumatoid arthritis in users, are associated with diagnosis of primary osteoporosis. A heightened rate of upper gastrointestinal disorders before onset of treatment for osteoporosis has also been reported elsewhere. 43 As secondary osteoporosis is more likely to develop in patients taking acid lowering drugs 29 and corticosteroids, 44 45 the proportion of such patients was noticeably higher in bisphosphonate users. Although upper gastrointestinal disorders and use of acid lowering drugs could be important confounders, they might also lie on the causal pathway. Removal of them from the adjusted analyses, however, did not noticeably change the results.
Oesophageal cancer
Oesophageal cancer associated with bisphosphonate use has been of most concern to epidemiologists. So far, however, the studies of this association have all been much smaller than our study, which was based on 252 bisphosphonate users with oesophageal cancer in QResearch and 262 in CPRD, and have yielded inconsistent results.
The study by Green and colleagues, which was based on an earlier version of CPRD with larger proportions of missing values and more exposure to etidronate than alendronate (57 v 37 exposed cases), reported an association with duration of treatment, with an over twofold increase in people who had been taking these drugs for more than three years (33 such cases). 10 These results were, however, adjusted only for smoking status, alcohol intake, and BMI, without adjustment for the important confounders of osteoporosis and use of any drugs other than bisphosphonates associated with its treatment, so possibly overestimating cancer risk. Similarly, another recent study on GPRD data from 1995 to 2007 showed an increased risk of oesophageal cancer associated with bisphosphonate use, but only in women (adjusted odds ratio 1.43, 95% confidence interval 1.16 to 1.75), and again the results were not adjusted for osteoporosis or drugs associated with it. 46 There seemed to be an opposite association for men (adjusted odds ratio 0.73, 0.53 to 1.03), although it was not significant. A Taiwanese case-control study analysed prescription information from 16 204 cases and 64 816 controls and reported no association for overall exposure and increased risk only in rare users, but this study did not adjust for any confounding factors. 47 The cohort study by Cardwell and colleagues, 11 which also used the CPRD database, identified 79 cases of oesophageal cancer in bisphosphonate users and did not report a significantly increased risk of cancer even for cumulative exposure of more than three years (hazard ratio 0.90, 0.44 to 1.81). In our CPRD analyses, use for more than three years was associated with an increased risk (92 such cases, odds ratio 1.38, 95% confidence interval 1.04 to 1.84; P=0.03), but this was not significant at the 1% level. In our QResearch analyses, we did not observe an increased risk of oesophageal cancer in bisphosphonate users but rather showed a reduced, but again not significant, risk for people who had been taking these drugs for more than three years (75 such cases, odds ratio 0.92, 0.68 to 1.25).
Although Vestergaard's study showed significantly increased risks of oesophageal cancer in etidronate and alendronate users (32 and 14 cases, respectively), 13 these associations were not time dependent and therefore might not be causal. Another cohort study looking at alendronate and etidronate use reported a decreased risk of oesophageal cancer for both, 14 although not significant, and showed even greater reduction in patients with 10 prescriptions or more, but this was still not significant.
Gastric cancer
In line with our findings, no association between use of any bisphosphonates and gastric cancer has been reported in previous CPRD publications. 10 12 Our CPRD analyses had similar findings to those of Green and colleagues 10 for gastric cancer on the same database and, despite a bigger sample, did not reach a significant level for the association of a decreased risk with bisphosphonate use. Our QResearch analyses showed an opposite association for gastric cancer and use of alendronate to the one found in the study by Abrahamsen and colleagues (39% reduced risk based on 22 exposed cases) 14 but our association, an almost twofold increased risk, was seen only in short term users, with no association for long term use. In our CPRD analyses, however, we found no association with alendronate use. It is possible that this short term association resulted from users stopping bisphosphonate treatment because the drugs caused side effects similar to symptoms of gastric cancer or aggravated early symptoms of gastric cancer, leading to earlier detection of existing cancer. It has been shown that alendronate in particular might be associated with gastrointestinal mucosal injury, 48 which would require additional tests. Given the lack of consistency between the CPRD and QResearch results, however, this might simply be a spurious chance finding, and it is unlikely to reflect a causal association.
The paper by Cardwell and colleagues noted that there are possible misclassifications of gastric and oesophageal cancers, and that study showed no association between bisphosphonate use and risk of those cancers when combined. 11 To check this, we ran a combined analysis to compare our findings and also did not observe any significant association in either database (overall use for QResearch odds ratio 1.02, 95% confidence interval 0.88 to 1.20; and 1.02, 0.87 to 1.18, for CPRD), all P values being greater than 0.1 except for short term alendronate use in QResearch (odds ratio 1.29, 1.03 to 1.60; P=0.02).
Colorectal cancer
Based on 20 106 cases of colorectal cancer in QResearch and 19 035 in CPRD with, respectively, 929 and 902 cases exposed to bisphosphonates, our study found no association between bisphosphonate use and risk of colorectal cancer. The increased risk found in the CPRD analysis and associated only with short term use (up to six months) was inconsistent with the QResearch findings and not confirmed in sensitivity analyses. Similarly inconsistent results have been found in other smaller epidemiological studies. 10 12 13 Two studies-Cardwell et al 12 and Green et al 10 -that used CPRD and based, respectively, on 264 and 276 bisphosphonate users, found similar associations for risk of colorectal cancer, but reached significant levels only in one 12 (hazard ratio for any use 0.74, 95% confidence interval 0.60 to 0.91). Cardwell and colleague's study, 12 however, used an earlier version of the same data source and had much higher proportions of missing data for BMI, smoking, and alcohol consumption, all factors associated with both bisphosphonate prescribing and risk of cancer. Another study, which used an Israeli health services database, also reported a decreased risk of colorectal cancer in bisphosphonate users (odds ratio for any use 0.67, 95% confidence interval 0.51 to 0.88). 15 This was based on only 97 cases in users and was subject to recall and selection biases, with different response rates for cases and 49 Although a recent Danish study showed an association between overall use of bisphosphonate and reduced risk of colorectal cancer (hazard ratio 0.69, 95% confidence interval 0.60 to 0.79) and even described a possible mechanism based on anti-tumour properties of the drug, the study did not show any dose or time dependent associations, and the risk of cancer was not significantly reduced in long term (more than six months) users (hazard ratio 0.78, 0.55 to 1.11).
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Conclusion
We have conducted a series of large population based case-control studies using the two largest primary care databases in the UK to examine the association of bisphosphonates with risks of common gastrointestinal cancers in the general population. The databases provided almost the same numbers of cases and controls and the recorded data were similar in demographics, lifestyle related factors, comorbidities, and use of drugs. Although several findings were consistent between the databases, we found no increased risk in general for any of the cancers except for an increased risk of gastric cancer in alendronate users in one of the databases, but without time associations.
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